Abstract. The importance of the study of long-period variable stars is summarized. Then we briefly review the problems related to the determination of physical parameters of LPVs, period-luminosity law, mass-loss law and evolutionary status of these stars. The expected contribution of Gaia is shown. Some problems, affecting the precision of Gaia astrometric measurements of LPVs, are discussed.
INTRODUCTION
In the final stages of their evolution, on the asymptotic giant branch (AGB), intermediate-mass stars cross the instability strip of long-period variables (LPV) and appear as Miras and semiregulars (SRa and SRb type). These stars undergo more or less periodic radial pulsations with a large amplitude, both in velocity and in V magnitude. They are rapidly evolving (in a few 10 6 years) towards higher luminosities, then towards white dwarfs and planetary nebulae.
The characteristics of these LPV stars -wide range of ages (about 0.5-10 Gyr) and initial masses (about 1-8 M©) and high luminosity (-3 > Mt,0i > -7) -make them important probes of the structure and history of our Galaxy within an extended domain. Due to their high mass-loss, they contribute to the enrichment of the interstellar medium and thus play an important role in the chemical evolution of galaxies. Moreover, being much (about 5 times) more numerous than Cepheids, they can be very useful extragalactic distance scale estimators. Furthermore, the AGB evolutionary tracks are complicated (very steep lines plus loops) and very close to each other, thus sensitive to the complexity of physics and chemistry of their envelopes (Steffen et al. 1998) . As a consequence, the mass and metallicity range in which carbon stars can form, is still controversial (Mowlavi 1998 , Groenewegen 1998 . Finally, all this has important consequences onto the masses and composition of white dwarfs. For example, Blocker (1995) showed that the relation between the initial and final masses may significantly differ in shape, steepness and zero-point for various mass-loss laws that have been proposed for the AGB.
A FEW BASIC ISSUES
The theoretical treatment of the structure, pulsation and evolution of LPVs is still very imperfect. Efforts to improve it suffer both from the complexity of the involved phenomena (strong convection coupled to nonlinear pulsation, thermal pulses, dredge-up of heavy elements, mixing, non-LTE, molecules, grains, shockwaves, high mass-loss, etc.) (see Wood 1974 , Tuchman et al. 1978 , Fleischer et al. 1992 , Pijpers 1993 , Winters et al. 1994 , Wood 1995 , Bessell et al. 1996 , Ya'ari & Tuchman 1996 , Barthes 1998 ) but also from the lack of observational constraints.
Up to now, no LPV binary has been used for a direct determination of its mass. The effective temperature is a concept that has little meaning in the case of so extended envelopes. The metallicity also is very uncertain, because of the complexity of the spectra and the inhomogeneous chemical composition. Solving these two last problems requires not only better observations (long-term high-resolution spectroscopic and interferometric monitoring) but also much improved dynamical models of M-giant atmospheres.
The luminosity of LPVs is quite precisely known for stars in the Magellanic Clouds. This is not the case in our Galaxy. Hipparcos has provided parallaxes with a precision better than 20 % for only 23 LPVs of all types. Attempts to use these data for improvement of the period-luminosity (PL) relation of Miras in the solar neighborhood have given unconvincing results: no significant difference with the relation already determined in the LMC was found, which may seem strange in view of theoretical predictions, but is not surprising in view of the error bars, the little number of stars and the biased sampling (Van Leeuwen et al. 1997 , Barthes 1998 .
Parallaxes (when available) and proper motions have also been used for statistical luminosity calibrations of about 200 oxygen-rich LPVs, with the help of additional constraints provided by the radial velocities, periods and colors (Barthes & Luri 1998 , Barthes et al. 1999 . It was found that these stars constitute several groups differing by their kinematics (thus initial metallicity and mass) or pulsation mode, each of them with its own period-luminosity relation (see Fig. 1 ). Group 1 corresponds to old disk stars and contains mostly Mir as. Group 2 has the same kinematics, but is mainly composed of SRb semiregulars, probably pulsating on a higher-order mode. Group 3, also mainly composed of SRb stars, has a much younger kinematics. Last, Group 4 corresponds to the extended disk and halo. Surprisingly, none of these groups has a PL slope compatible with the one found for Miras (and for SRa) in the LMC. This inconsistency between the two galaxies forbids to use LPVs as distance
estimators until the dependence of the PL relation on metallicity and on other observable characteristics (such as the variability type) is determined. Unfortunately, considering the number of free parameters to calibrate, it is impossible to definitively solve this problem with only the Hipparcos sample.
Last, it must also be mentioned that any error on the luminosity directly reflects in the empirical mass-loss estimates, since M oc L 0-5 (Jura 1987) , and thus amplifies the uncertainties on the evolution.
WHAT WILL GAIA BRING UP?
At a given precision, Gaia will provide parallaxes and proper motions of at least 20 times more LPV stars than Hipparcos. This number has to be estimated more precisely in the near future (see next section).
The precision obtained both on luminosity and kinematics for a very large number of stars should make it possible to solve the mentioned problems concerning the PL relation, thus to use these stars as distance estimators. It should also lead to a clear discrimination of the different populations of LPVs within a large part of the Galaxy.
Masses should also be available for a significant number of binaries. Having the luminosity, the mass and a rough estimate of the metallicity, it would be possible to overcome the intrinsic uncertainty of the effective temperature so as to identify the predominant pulsation mode and to validate the nonlinear pulsation models. This will open the way towards the determination of masses (and metallicities) from the characteristics of the pulsation itself (e.g. from the Fourier parameters).
Another consequence will be the determination of precise empirical mass-loss laws (relation with the fundamental parameters), and thus a strong constraint for the evolutionary calculations. Furthermore, the imaging of the circumstellar envelopes -another capability of Gaia -will complement the near-infrared imaging, the spectroscopic data and the estimated fundamental parameters and mass-loss for constraining and validating the dynamical models of circumstellar envelope. This will lead to an important improvement of the outer boundary of the nonlinear pulsation models, and to the determination of theoretical mass-loss laws.
SPECIFIC PROBLEMS TO SOLVE FOR GAIA
LPV stars are very red, whereas Gaia will observe in the visible band. As a consequence, despite their high luminosity, they will be more difficult to observe than, e.g., Cepheids. Moreover, the angular diameter of these cool giants is 3-5 times the parallax, and it varies (by ±15%) over the pseudocycle. Furthermore, these stars are often far from sphericity, and their size may be different by about ±20% according to direction. Last, the very large convective cells probably generate a few large dark spots on the stellar "disk". All these peculiarities should result in a variable shift of the photocenter, and thus affect the precision of the astrometric measurements by an amount that depends on the complex interplay of pulsational, rotational and random components. Extensive simulations will be achieved in the near future as precise as the expected accuracy of Gaia measurements.
